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The object of this thesis is to make a test on 
the Fort Wayne and Sangamo Integrating Wattmeters to 
determine the effect upon the accuracy of the meters 
under varying conditions as to power factow, frequency, 
and voltage at various loads. Also to determine the 
variation from quadrature of the series and pressure 


fluxes, 


APPARATUS. 

2 General Electric Ammeters, (0-10) & (0-15) 
1 Weston Voltmeter, A.C. & D.C. (0-125) 

2 Weston Wattmcters, (0-10) & (0-25) 
1 Prequency . Meter, {30-90 cycles) 
Variable Inductance. 

Variable Condenser. 

Lamp Bank. 

Stop Watch. 


Switches. 
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DESCRIPTION OF THE SCHEME OF CONNECTIONS. 


The scheme of connections for making the tests 
is shown in the accompanving blue print. (G) is a two 
phase alternator supplving the two phases (A) and (B). 
(Mids (Mo), and (M,) are the inteBrating wattmeters un- 
der test. (F) and (V) are the frequency and voltmeters, 
(Ay) and (A,) are the low and high reading ammeters, (1) 
is a variable inductance. (W,) and (Wp) are the low 
and high reading indicating wattmeters, The leads from 
switeh & connect directly to the pressure circuits of 
the meters, and the leads from switeh 1 connect the 
load or series elements of the meters. Switeh 1 will 
be closed during all of the tests. The switches 4 and 
5 are used to connect the series coil of either the 
nigh or low reading wattmeters in the load circuit. The 
D.P.D.T. switeh 6 is used to connect either the high 
or low reading ammeter in circuit. Switch 7 is used 
to cut the inductance coil (I) in or out of circuit. 
Switeh 8 gives pressure to the indicating wattmeters 
from either phase (A) or phase (B). Switch 8 is used 
to give the integrating wattmeters pressure from either 
phase (A) or phase (B). When switch 8 is elosed, switch 
®& must be open or there will be a short circuit. For 
the quadrature test, switches 1 and & are closed and 3 


is open. Then the meters are taking their pressure 
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from phase (B). By opening 2 and closing 38, the meters 
take their pressure from phase (A). The voltmeter and 
frequency meter are connected directly across the pres- 


sure circuit. 


METHOD EMPLOYED IN MAKING TESTS FORK ACCURACY AND QUAD- 
RATIURE,. 

The meters were first connected up so as to 
take their load and pressure from the same phase (A), 
They were then adjusted accurately on full non-induc- 
tive load, using normal voltage and normal frequency, 
in the following manner. The full non-inductive load, 
which was obtained by means of a lamp bank, was sent 
through the meter under test, and the voltage and fre- 
queney were adjusted accurately and maintained constant, 
The time it took to make ® certain number of revolutions 
of the dise was observed by means of a stop watch and 
at the same time the reading of the indicating wattmeter 
was taken. The constant of the meter imitiplied by the 
number of revolutions and divided by the time it took 
to make those revolutions gave the watts recorded by 
the integrating wattmeter. Now if we call the reading 
of the indicating wattmeter the standard watts, and the 
watts recorded by the integrating wattmeter the meter 
watts, then the per cent accuraev of the meter is 


Meter Watts X 100 
per cent ateuraty -<-------------—---=- 


Standard Watts 
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All of the meters were adjusted to show 100% accuracy 


under the above conditions by moving the damping magnets 
as the case required. The compensating coils were ad- 
justed to overcome the friction of the meters. After 
adjusting the meters on full load, the load was varied 
from about 10% to 150% of normal full load current, using 
normal voltage and frequency, and the accuracy was dée- 
. termined in each case. The meters were not adjusted, 
however, on these other loads. 

The next test was to determine the variation 
from quadrature of the series and pressure fields on 
full non-inductéve load. This was done in the following 
way. The load was taken from phase (A) and the pressure 
from phase (B). The e.m.f.s in the two phases were of course 
90° apart. The Weston indicating wattmeter was connected 
with its series coil in phase (A) and with its pressure 
across phase (B). Now with these connections, if the 
series and pressure fluxes were in exact quadrature, 
the reading of the indicating wattmeter would be zero 
when the dise was at a standstill. it was found, how- 
ever, that they were not in exact quadrature, and therefore 
when the disc stopped there was a reading on the Weston 
wattmeter. The disc was vrought to a standstill by means 


of a condenser in parallel with the lamp bank. Dividing 
the true watts by the volt-amperes gave the cosine of 


f, or the angle between 


z 


YOStNooS ePOOL worla os bsteuibs Yorow etacer oft to IEA 
sisngen satqmeb est satvor yd enoisibaoo evods efi treba 
~bs suow ciftco uaitsensquos off .betinupet sass sid es 
TSItA .aratem eft to moftoixt eft smootevo of betant 
Lottsvy 2Bsw deol, oft sol Lfvyt mo aretem end sot teutie 
“amtey .dmevise beol Livt [earrom to KOSL oF GOL tuods mort 
~35 asw yostvoos eft fas ,yomeupett boas Ganucren ncaa 
ateutbs Jom erew atetem eff ,easo dose ai bentored - 
-aisol tense eset no ,tevenor 

noitsixsy eat eninretel of ssw sees fxen ent 
MO sbhbfeli exvesetq bas settee ent to srutstbsup mort 
siiwelfet edt mi snob esw aidt -baol evétoubai-nom f{nt 
Sivgsarq edt bas (A) sescq miort amexst ssw beol ont .yvew 
SeruoS To stew esseng owt ei ni e.t.m.o eT .(8&) sesdg mort 
betoennoo ssw tetoutisw soitsoibnat novesW eff .Jisqs “oe 
248° etueesta esti diiw bas (A) sasdgq mi Iios setxes ati Atiw, 
edt If ,anotsoennoo eveeds adiw wok .(a) esesi¢ seotes 
~ovutstbeup tosxe ail erew eexult exseserq bos sefires 
ores OG bivow notencsésw soitsoibai eft to saibset ent 
-worl ,bouei eaw ci .ilisebaste s ts esw osih ont nedw 
eroisiedt bos ,orvierbsup tosxe mi Jon etew yeds Jans ,.c9eve 
noteeW off so uiltbsst s asw eredt beqqota oaib sai nodw 
snisom yd [fivebostie s ot to&evord osw oefb ext .1stemtisw 


wunibivid .zasd gtisl ed¢v daiiw felleteq ak teenebaios s to 


Pal 


: 
to smlaoo sit svsy zotedus-ifov add yd atisw outs ent 
Z .. - a [oq 


The series and shunt fields. 

The next test was a test for accuracy under the 
following conditions. The voltage was kept at normal 
value and the frequency was also maintained constant 
at normal value. Then the effect of a variable load 
at different power factors was noted. 

The next test was to determine the variation 
from quadrature of the series and pressure fluxes at 
different frequencies. Also, at each frequency, the 
load was varied and the accuracy of the meter deter- 
mined, the voltage remaining constant at normal value 
and the load being at unity power factor througnout 
the test. 

The next test was to determine the accuracy of 
the meter when the voltage was varied from REF below 
to £5% above normal. During this test the frequency 
remained constant at normal value and the load was at 


unity power factor. 
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The general principles involved in induc- 
tion meters are well stated in a pnatent issued to 
Oliver B. Shallenverger in 1894, I will here give the 
first three clains in his patent No. 531867. 
Glaim 1. The method of measuring the energy transmitted 
by single phase alternating electric currents, which 
consists in establishing two alternating magnetic fields, 
one proportional to, and in phase with the current 
transmitted to the work circuit, the other derived fron, 
and proportional to the impressed electromotive force 
of the work circuit and lagging anvroximatelv 90° be~- 
hind that electromotive foree, producing by such two 
magnetic fields a resultant shifting magnetic field, 
producing by such resultant field mechanical motion , 
against a force which is proportional to the speed, and 
registering such motion. 
Claim 2. The method of measuring the energv transmitted | 
by single phase alternating electric currents, which 
consists in develoning two alternating magnetic fields, 
one proportional to and having a definite phase rela- 
tion to the current transmitted to the work circuit, 
the other derived from, and proportional to the impress- 
ed electromotive force of the work circuit and under 
varving conditions of lag in the work cireuit differing 
from the first field by approximately the coltiplement 


of the angle of such lag, producing by such two magnetic 
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fields a resultant field, producing by such resultant 
field mechanical motion against a force which is approx- 
imately proportional to the speed, and registering such 
motion. 

Claim 8. In an electric meter for alternating currents, 
operated by induction effects of currents in a smint 
connected and 2 series connected coil, the method of 
colupensating for changes in periodicity which consists 
in inductively varying the shunt current in an inverse 


ratio to the periodicity. 
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CALIBRATION OF INSTRUMENTS 
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CALIBRATION OF INSTRUMENTS. 


The two General Electric amneters used in this 
test were new and were assumed to be correct. Therefore 
I did not have to calibrate a dynamometer, The voltmeter 
and the two wattmeters were checked up in the testing 
room at Armour Institute by means of a potentiometer. 


Calibration curves were then plotted and the true watts or 


volts were obtained from these curves. 
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Calibration of Weston Wattmeter #83782. 


Anperes 
on 
24 
»6 
3 
2.0 
1.2 
1,5 
2,0 
2.5 


7.0 


Volts 
100 
100 
160 
100 
100 
100 
100 
100 
100 


100 


100 
120 
150 
200 
250 


700 


Wattmeter rdg, 

18 

88.5 
54.25 
78,75 
100,0 
120.5 
150.0 
199.5 
248.75 


693.5 
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Calibration of Weston Voltmeter #5246, 


Standard weston 
Voltmeter, Voltmeter. 
75 75,3 
80 80.2 
85 85.15 
90 90.05 
95 95.0 
100 99,85 
105 104.65 
110 109,1 


115 118.65 
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Calibration of weston Wattmeter #466, 


Amperes, Volts. EI. Wattmeter r'd'g, 
1,01 100 101 100.5 
2 100 200 200,5 
3 1000 800 803 
4 100 400 400 
5 100 500 502 
6 100 600 605,5 
7 100 700 707 
8 100 800 809.5 
9 100 900 910 

10 100 1000 1009.5 
il 100 1100 1110.5 
12 100 1200 1206.5 
13 100 13800 1312,5 
14 100 1400 1414.5 


15 100 1500 1515.5 
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THE FORT WAYNE INDUCTION WATTMETER. 

Type K. No. 7S KS 66 
volts //C Amperes 4O Gyeles 60, 

The Fort Wayne Induction Wattmeter of this type 
has a rotating element, or armature, entirely differ- 
ent from that in anv of the other types of wattmeters. 
The armature in this meter is mounted on a vertical 
shaft and is cup shaped, instead of being in the form 
of a dise as in the other types of meters. In some 
forms of the type K meter one permanent magnet is used 
and in others two, the magnets being specially shaped 
so as to embrace the enpnped armature. The adjustment 
in both types is obtained by moving the magnets up or 
down, depending upon whether the speed is to be decreas 
ed or increased. The light load adjustment is obtain- 
ed by shifting a small iron core in the path of the 
shunt magnet which distorts the shunt field slightly. 
In Fig.1 of the accompanving blue print, I have shown 
a diagram of the Fort Wayne meter, only showing however 
the relative positions of the shunt and series coils 
and the rotating element. This combination of the se- 
ries and shunt fields produces a rotating field which 
induces current in the armature, which acts as a closed 
secondary, thus causing rotation of the same. 

Fig.2 shows the complete internal connections 
of this meter, when the shunt and series elements are 


separately connected to two independent circuits for 
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Diagram of a type kK 


Fort Wayne Induction Watt Hour Meter. 


a quadrature determination. (A) and (B) are the two in- 
dependent cirenits. (c&c) are the series coils. The 
coil (FE) is wound on the shunt core with the stunt coil 
(D) and is used to obtain the 90° phase relation be- 
tween the series and shunt fields on 60 eveles. This 
coil creates a field, the magnitude of which is deter- 
mined by the 6C cycle lagging resistance (L) in series 
with it. The coil (G) is wound on the light load ad- 
justing arm, and is shunted aeross a few turns of the 
impedance coil (I). This coil tends to produce a con- 
ponent field, the magnitude of which is determined bv 
the 140 cycle lagging resistance (H). With this coil 
it is possible to get the proper phase angle of 90° 
betreen the series and shunt fields on 140 cycles. Be- 
fore these meters leave the factorv, the resistances 
(H) and (L) are adjusted to the proper values so that 
the meters can be used for either high or low frequen- 
cies. 

The method employed in obtaining the phase dis- 
placement of 90°, or lagging the meter as it is called, 
is given below. Two separate circuit are used and the 
series and pressure coils are connected across the tyo 
phases as shown in Fig.2 of the blue print. Full non- 
inductive load is sent through the series coils in 
phase (A) and the normal electromotive force of the me- 
ter at 140 cycles is impressed on phase (B). The e.m.f. 


of phase (B) however is lagged 90° back of that impress- 
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ed on phase (A). Then the 140 cycle lagging resistance 
(H) is adjusted until the meter stops. This indicates 
ano torque phase relation between the series and shunt 
fields, The vector diagram given below shows how this 
quadrature is obtained. 

Let OX represent the e.mw.f. ine 
pressed on pnhase (B), and let OY 
represent 2 position 90° from OX. 
The shunt field lags behind the 
e.m.f. by an angle g, due to the 


inductance of the soil (D) and 


the impedance coil (I). Repre- 
sent its position by the vector OS. This shunt field 
OS induces in the armature currents and consequent 
fields, Represent the fields set up by the armature 
by the vector OM. Now OS and OM combine to give the 
resultant field OL. By means of the lagging resistance 
(H) the coil (G) can be made to produce a field OK 
which, when combined with OL, will give the resultant 
field on, 96° from ox. 

When the rotating element stons, 
indicating a no torque phase re- 
lation between the series and 
shunt fields, it will be seen 
that the fluxes vrodyeed by the 
series and shunt coils are dis- 


placed by 180° as shorn in eurve 
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(1) at the left. 90° of this 
is due to the initial phase qif- 


ference between the electromotive 
SEY cs forces impressed on the circuits 
re) 
i efit (A) and (B), and 90° is due to 
the inductance of the pvressure 
E ua coils. Now when the pressure 


Ss 6 
<< 2—»~SF and series coils are connected 


to the same circuit, in which 
Se the impressed e.m.f. and current 
are in phase as shown in curve 
(2), we have eliminated the fixe 
ead displacement of 90° and there 
remains only the maximum torque displacenent of 90° be- 
tween the series and pressure fluxes as shorn in curves 
(2) and (4). Now if the power factor of the load be 
made zero as shown in curves (5) and (6), then curve 
(3) will coincide with curve (4) and there will be no 
phase difference between the series and pressure fluxes, 
and hence no torque, as shown in curve (7), From this 
discussion it can be seen that as the vower factor of 
the load decreases, the current in the shunt circuit 
comes more nearly into phase with the impressed e.m.f,. 
and hence the meter will nave a torque directly propor- 
tional to the cosine of the angle of lag, and hence the 
true energy will be measured for all power factors. 


The Fort Wayne meter has one distinctive feature 
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namely, the series coils are wound without an iron core 


and hence have little or no inductive effect, 
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THE SANGAMO INTEGRATING WATTMETER, 


type £. No. 66774 
Volts //0 Amperes /O Cycles ae 


The Sangamo Integrating Wattmeter is not of the 
induction type and therefore it is not necessarv to ob- 
tain a quadrature relation between the primary fields 
in order to have the meter register tme energy on low 
power factors, but the opposite condition holds, namely, 
to obtain 2 coincidence of phase between the armature 
current and the series field. MThis meter is of the 
mercury type the general principle of which is given 
below. 

Faraday discovered that when a current was pass - 
ed radially across a dise which was immersed in mereurys 
the path of the current being subjected to a strong mag- 
netic tiela, the reaction between the current and the 
magnetic field produce? rotation of the dise, 

The diagram of the Sangamo meter is shown in 
the accompanying blue print. The armature (D) consists 
of an aluminum dise mounted on a vertical shaft. This 
dise is immersed in a cup of mereurv. On the wpper 
part of the shaft is another dise (B) which revolves 
between two permanent magnets. (M) is the series coil 
which is wound on the laminated iron yoke (Y). A small 


transformer (P-S} furnishes a large current at low pres- 
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Diagram of 


Sangamo Integratine Wattmeter 


sure to the armature (D). The terminals of the second- 
ary.(S) of the small transformer are led into the mer- 
eury cuv through the clips (C0 Cc). On account of the 
hysteresis of the iron, there is a slight lag in the 
magnetic field produced by the series coil (M). There- 
fore 2 corresponding lag has to be given to the current 
through the armature, and this is done by means of the 
soils (K) in the secondary circuit. The lignt load 
adjustment is obtained by means of a small auxiliary 
transformer secondary (SA). One lead of this auxiliary 
secondary connects with the terminal (T) as ao®S also 
one terminal of the small starting coil (A) which is 
wound on top of the series coil (M). The other end of 
the starting coil (A) is connected to the adjustable 
resistance (R). The other temiinal of the auxiliary 
secondary is connected to the sliding contact (L). The 
current through the coil (A) gives 2 weak field for 
starting, and this field can be adjusted to anv desired 
value by means of the variable resistance (R). The sece- 
ondary (S) furnishes to the armature a current of large 
volume proportional to the impressed electromotive force 
of the circuit. This current remains in phase with the 
pressure,and the secondary is so connected that the 
scurrent through the armature will be in phase with the 
main current. This can be shown by means of tne vector 


diagrams given below. 
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Let E and E' be the e.m.f.s of the primary and 
secondary coils of the small transformer, and let I and 
I‘ be the currents. E‘' and I' are in phase and are dis- 
placed from E and I by 180° as shown in Fig.l. The sec 
ondary coil (S),however,is connected so that E' and I! 
through the armature are in phase with EF and I as shorn 
in Fig.2. The hysteresis in the iron causes the series 
flux (Py) to lag slightly behind the pressure and con- 
sequently the current through the armature is given a 
corresponding lag by means of the coil (K). Then the 
conditions are represented by Fig.®. The above dia- 
grams are for a non-inductive load, The torque varies 
directly as the product of the secondarv eurrent by the 
primary flux times the cosine of the angle between then, 
i.e. ToI' g Cos §&. Therefore it can be seen that 
the meter will eee true energy for all power fac- 


tors, since on an inductive load the actual lag between 
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the current through the armature and the magnetism in 
the series voke will be the same as the lag in the load 


current itself. 
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FORT WAYNE METER 


PORT WAYNE METER #452568. 


Data for the determination of the quadrature 


relation between the series and pressure fluxes. 


E. Ee EI. Watta. Cos g. ge 

o J mn 
10.9 1210 1199 13.5 .011259 89 2] 18 

oOo 4 “ 
16.6. 220 1166 15.0 -012865 89 15 46 

°o 6: tA 
10.6 110 1166 14.5 .012436 89 17 40 


o t wu 
The average value for the angle J is 39 /@ /6& 
This is so close to quadrature that there would be very 


little error introduced, except at low power factors. 
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FORT WAYNE METER #452568. 


Data showing the effect of varying the load 
when the meter is operated at 110 volts, 60 cycles, and 


unity power factor. This is the initial calibration 


test, 

Standard Meter R. Te (6 
Watts. Watts. 

1410 1895 20 25.8 92 
1175 1170 15 23.1 99.5 
980 971 15 27.8 99.2 
720 W228 15 37.4 100.2 
585 585 10 88.6 100 
808 310 cS 23.2 100,5 


107 107 R 33.6 100 
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FORT WAYNE METER #452568, 


Data showing the effect of varying the load 
when the meter is operated at 80 volts, 60 cycles, and 


unity power factor. 


Standard Meter R. T. he 
Watts. Watts, 
1250 1250 15 21,6 100 
962 965 15 £8 100,28 
770 775 10 23.8 100.5 
600 610 8 £3.56 101.6 
440 450 8 82 102.2 
225 BR5 4 BA 100 
108 107 2 88.6 99,1 
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FORT WAYNE METER #452568, 


Data showing the effect of varying the load 
when the meter is operated at 100 volts, 60 cycles, and 


unity power factor. 


Standard Meter R. T. %. 
Watts. Watts. 

1800 1288 20 28 99 
1085 1062 15 25.4 99.8 
875 876 15 30.8 99.9 
610 610 8 23.6 100 
358 860 6 30 100.5 
172 171 3 31.6 99.5 
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FORT WAYNE METER #452568. 


Data showing the effect of varying the load 
when the meter is operated at 125 volts, 60 svycles, and 


unity power factor. 


Standard Meter R. T. he 
Watts. Watts, 

1410 1880 20 26.1 98 
1000 985 15 27,44 98.5 
865 845 15 3k 97.8 
558 550 8 26.2 98.5 
440 489 6 24,6 99,9 
265 266.5 4 27 100.5 
137 135 R 26,7 98.6 
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FORT WAYNE METER #452568, 


Data showing the effect of varying the load 
when the meter is operated at 110 volts, 45 cycles, and 


unity power factor. 


Standard Meter R. T. h. 
Watts. Watts. 

1405 1395 20 25.8 99.4 

1230 1228 20 29.3 99.3 
710 704 15 38.4 99.2 
505 505 6 21.4 100 

335 336 8 42.8 100.2 


173 170 2 21,2 98.4 
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FORT WAYNE METER #452568, 


Data showing the effect of varving the load 
when the meter is operated at 110 volts, 69.5 cycles 


and unity power factor. 


Standard Meter R. T, Le 
Watts. Watts. 

1420 1418 20 25.4 99.8 
1065 1055 15 25.6 39 
765 750 10 24 98.2 
545 545 8 26.4 100 
417 417 5 21.6 100 
212 210 4 84.2 99.1 
107 104,3 2 84.5 97.5 
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FORT WAYNE METER #452568. 


Data showing the effect of varving the load 
when the meter is operated at 110 volts, 60 cycles, and 


a power factor of .388. 


Standard Meter R. T. h. 
watts, watts. 

457 467 8 80,8 102 
354 357 5 25.2 101 
R52 258 4 28.4 100 

171 173 e 20,8 101 
85.5 86.0 ra 41,8 100,5 
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FORT WAYNE METER #452568, 
Data showing the effect of varving the load 
when the meter is operated at 110 volts, 60 cycles, and 


a power factor of .788. 


Standard Meter R. T. be 
Watts Watts. 

867 877 15 30,8 LOL, 

678 677 10 26.6 100.5 

487 493 8 2922 101,2 

825 826 4 Reel 100.2 


162.5 161.2 a 2Re8 29.8 
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FORT WAYNE METER 7452568, 


Data showing the effect of varving the load 
when the meter is operated at 110 volts, 60 oveles, and 


&a power factor of .898. 


Standard Meter R. T. % 

Watts. watts, 

1055 1062 15 25.4 100.8 
819 815 10 R2e1 99.5 

592 593 8 24.3 100.1 
895 898 8 86.2 100.8 


198 199 4 36.2 "100.6 
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FORT WAYNE METER #452568, 


Data showing the effect of varying the voltage 


when the meter is operated at 110 volts, 60 cycles, and 


25% load. 

Standard Meter R. 7. % x 

Watts. Watts. 

275 278 4 25,9 101 80 

275 277 4 26,0 100,7 100 
275 275 4 26.8 100 110 
275 275 4 26,2 100 125 
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FORT WAYNE METER # 452568, 


Data showing the efBect of varying the voltage 


when the meter is operated at 110 volts, 60 cycles, and 


50% load. 

Standard Meter R. T. %e Ez: 
Watts. Watts. 
550 561 8 25.7 102 80 
550 550 8 26.2 100 100 
550 550 8 26.28 100 110 
550 545 8 26,4 99 125 
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FORT WAYNE METER #452568. 
Data showing the effect of varying the voltage 


when the meter is operated at 110 volts, 60 cycles, and 


75% load. 

Standard Meter R. Tt; a, E. 
Watts. Watts, 

825 838 15 82.4 101 80 
BR5 825 15 32.7 100 100 
825 B28 15 32,8 99.8 110 
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FORT WAYNE METER #452568. 


Standard Meter R. qT, Ae E. 
Watts. Watts. 

1100 1102 15 24,5 100.2 80 
1100 1098 15 24.6 99.8 100 
1100 1105 15 24.4 100.4 110 
1100 1080 — 15 25.0 98.2 125 


Data shoving the effect of varving the voltage 
when the meter is operated at 110 volts, 60 eveles, and 


100% load. 
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FORT WAYNE METER #452568. 


Data showing the effect of varving the vnower 
factor when the meter is operated at 110 volts, 60 ev- 


cles and a load of 2.0 amperes, 


Standard Meter R. T. Le Power 
Watts. Watts. Factor. 

85.5 86.0 2 41.8 100.5 2388 
162.5 161.2 2 22.8 99.8 738 


198 199 4 86.8 100.5 828 
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FORT WAYNE METER 7452568, 


Data showing the effect of varying the power 
factor when the meter is operated at 110 volts, 60 ecy- 


cles and a load of 4,0 amperes. 


Standard Meter R. T. %. Power 
Watts. Watts. Factor, 

i I be fe ee 2 20,8 101 0388 
825 826 & 2Rel 100.2 2738 


395 398 8 86,2 100,8 2898 
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FORT WAYNE METER #452568, 


Data showing the effect of varying the power 
factor when the meter is operated at 110 volts, 60 cy- 


eles and a load of 6.0 amperes, 


Standard Meter R. T. %. Power 
Watts. Watts. Factor. 
253 258 4 28.4 100 - 388 
487 498 8 29.28 101.2 2738 


598 598 8 24.3 100,1 828 
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FORT WAYNE METER #452568. 


Data showing the effect of varying the power 
factor when the meter is operated at 1LO volts, 60 cy= 


cles and a load of 8.8 amperes. 


Standard Meter Re T Ge power 
watts, Watts. Factor. 
354 857 5 25,8 101 2388 
673 677 10 £6.6 100.5 738 


819 815 10 RRel 99.5 393 
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FORT WAYNE METER #452568, 


Data showing the effect of varving the power 
factor when the meter is operated at 110 volts, 60 cy- 


cies and a load of 10.7 alperes. 


Standard Meter R. T. oe Power 
Watts. Watts. Factor. 
457 467 8 80.8 10.2 2388 
867 877 15 80,8 Lele 2738 


1055 1062 15 25.4 100,8 2898 
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FORT WAYNE METER #452568, 


Data showing the accuracy of the meter when op- 
erated under normal conditions, namely, 110 volts, 60 
eveles, variable load. This was the second test under 
normal conditions, and was made after the completion 
of all of the other tests in order to ckeck up with the 


initial calibration test. 


Standard Meter R. T. L, 

Watts, Waits. 

1210 1208 20 29,8 99,8 
270 971 15 27.8 100,1 
668 661 8 21.8 99.8 
435 485 6 24,8 100 
215 214 3 25,2 99.5 

96.3 101 8 85.6 105 
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SANGAMO METER 3476671. 


Data for the determination of the phase rela- 


tion between the series and pressure fields, 


¥. E. Watts. EI. Cos £, gp. 
o UU " 
10.55 110 46 1160.5 203964 87 45 42. 
o ’ wf 
10.7 1i0 28 1177 -0593898 86 335 53 
o ld ” 
10.6 110 56 1166 2024014 38 37 26 


The readings in the first test were taken when 
the disc came to a standstill, In the second test, the 
disc was slowly revolving forward. In the third test 
the disc was revolving backward at hte same speed. 


r 


° / It 
The average value for the angle fis 87 35 42. 
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SANGAMO METER #76671. 


Data showing the effect of varving the load 
when the meter is operated at 110 volts, 60 cycles, and 


unity power factor. This was the initial calibration 


test. 

Standard Meter R. T. % 
watts. Watts. 

1590 1488 20 24.2 93 
1145 1100 15 £4,5 96 
765 756 10 238.8 98.8 
5385 541 10 44,4 101 
443 443 6 24.4 100 


108 110.3 a 32,6 102 


.iveatk aANPIM OMADMAe 


Heol ett antyrsav to tostte ert aatwora stad 


bis ,wetovyo 0&8 ,aetfLov Off ts beteteqgo at refom ort menr 


tolisrdtise Iattiat ery asw akdt wrotost sewog whtrur 


oe a 
2 fa bo 
be GedS 

8.88 8.88 

fol BBS 
ooL BLAS 


8oL 8.86 


ok 


SP] 


t9seM 
atiew 


Sear 


OOLL - 


5aY 
iG 
Gb 
@.,0if 


«teot 


Perehae ste 
aetisy 


“Oeal 
Obit 
Bor 
aga 
ent 
gol 


‘Sp1eM 209/ Qof/ aoz/ aao/ 208 209 aor aor ° 


iid eels att ale |. | 


ae 
Bye taes 
~ 


via 


SANGAMO METER #76671. 


Data showing the effect of varying the load 
when the meter is operated at 80 volts, 60 cycles, and 


unity power factor. 


Standard Meter R. T. a, E. 
Watts. Watts. 

1235 1175 15 23 95,1 80 
995 265 15 28 27 80 
765 757 10 23.8 99 80 
615 Gia Pots 28.4 100 80 
440. 453 8 91.8 103 80 
224 280 4 31.4 102.8 80 
1121 118 2 31.8 101.8 80 
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SANGAMO METER #76671. 


Data showing the effect of varving the load 
when the meter is operated at 100 volts, 60 cycles, and 


unity power factor. 


Standard Meter R. T. h. Ee 
1310 1240 20 29 94.6 100 
1050 1015 15 26.6 96.6 100 
870 871 15 31 29.9 100 
603 610 8 23.6 101 100 
345 261 6 80.8 101.5 100 


174 178.8 3 30,2 102.8 
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SANGAMO METER #76671. 


Data showing the effect of varying the load 
when the meter is operated at 125 volts, 60 cycles, and 


unity power factor. 


Standard Meter R. ae %. E: 
1434 1440 20 25 100.3 125 
990 979 15 27.6 98.9 125 
858 850 15 31.8 99.5 125 
558 567 8 25.4 101.5 125 
480 447 6 24.2 103.9 125 
264 279 4 25.8 105.8 125 
198 142 2 25.4 1038 125 
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SANGAMO METER #76671. 


Data showing the effect of varying the load 
when the meter is overated at 110 volts, 45 cycles, and 


unity power factor. 


Standard Meter R. T. L. 
Watts. Watts. 
1210 1153 15 22.4 25.4 
1070 1040 15 26 97.3 
620 693 10 26 100.4 
550 558 8 25.8 101.3 
438 445 10 40.4 101.5 
210 216 3 25 102.8 


10% 109 2 33 102 
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SANGAMO METER #76671, 


Data showing the effect of varying the load 
when the meter is operated at 110 volts, 69.5 cvcles, 


and unity power factor. 


Standard Meter R. go he 
Watts, Watts. 

1080 1040 15 26 96 
1410 1405 RO 25.6 99.7 
760 750 10 n4 98.8 
540 548 8 26.3 101,5 
828 333 5 27 101.5 
220 226 4 31,8 102.7 
107.5 110.32 Rn 32.6 102.8 
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SANGAMO METER #76671, 


Data showing the effect of varying the load 
when the meter is operated at 110 volts, 60 cycles, and 


a power factor of .388. 


Standard Meter R. T. h. 
Watts. Watts. 

457 490 8 29.4 107 
354 386 6 28 109 
258 275 4 26.2 108.7 
171 187.5 2 19.2 109.6 
85.5 94 2 38.8 110 
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SANGAMO METER #76671. 


Data showing the effect of varving the load 
when the meter is onerated at 110 volts, 60 ecveles, and 


a power factor of .738. 


Standard Meter R. T, h. 
watts. watts. 

867 868 15 31.1 100.1 

673 687 10 26.2 102 

487 505 8 28.5 103.8 
325 846.6 6 31.2 106.5 


162.5 174 2 20,7 107 
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SANGAMO METER #76671. 


Data shoving the effect of varving the load 
when the meter is operated at 110 volts, 60 cycles, and 


a power factor of .898 


Standard Meter R. 7. h. 
Watts. Watts. 

1055 1030 15 26.82 97.6 

819 819 10 aad 100 
592 610 8 28.6 108 
395 416 8 34.6 105 


198 e1il 4 34,1 106.5 
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SANGAMO METER #76671. 


Data showing the effect of varving the voltage 
when the meter is operated at 60 cycles, unity power 


factor, and 25% load. 


Standard Meter R. T. . Se E. 
Watts. Watts. 

275 288 4 25.4 108 80 
275 281 4 25.6 102.2 100 

275 279 2 25.8 101,5 110 


275 286 4 RD. 104 125 
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SANGAMO METER #76671. 


Data showing the effect of varving the voltage 
when the meter is operated at 60 cycles, unity power 


factor, and 50% load. 


Standard Meter R. T. % Ee 
Watts. Watts. 

550 555 8 26 101 80 
550 558 8 25.8 101.5 100 
550 55S 8 26,1 100,2 110 


550 561 8 25.7 102 12H 
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SANGAMO METER #76671. 


Data showing the effect of varying the voltage 
when the meter is operated at 60 cveles, unity power 


factor, and a load of 75. 


Standard Meter R. T. b, E. 
B25 811 15 33.3 98.8 80 
B25 B25 15 32.7 100 100 
825 813 15 33.2 98.7 110 


825 818 15 33 99,2 125 
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SANGAMO METER #76671, 


Data showing the effect of varying the voltage 
when the meter is operated at 60 svcles, unity power 


factor, and 100% load. 


Standard Meter es T. % e: 
watts. watts. 

1100 1060 15 25.5 96.5 80 

1100 1071 15 25.2 97.3 100 

tape: :* ~. 1060 15 25.5 96.5 110 


1100 1089 15 24,8 99 125 
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SANGAMO METER #76671. 


Data showing the effect of varying the power 
factor when the meter is operated at 110 volts, 60 cp 


eles, and a 1084 of 2.9 amperes. 


tay) 


85.5 94 38,38 110 2388 
162.5 174 ra 20.7 107 2738 


198 211 4 34,1 106,5 898 
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SANGAMO METER #76671. 


Data showing the effect of varying the power 
factor when the meter is operated at 110 volts, 60 cy- 


cles, and a load @f 4.0 amperes, 


Standard Meter R. T. Ge Pover 
Watts. Watts. Factor. 

171 187.5 4 38.4 109,6 2388 

825 346 6 81.7 106.5 738 


395 416 8 34,6 105 ~898 
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SANGAMO METER #76671, 


Nata showing the effect of varying the power 
factor when the meter is operated at 110 volts, 60 cy- 


eles, and a load of 6.0 amperes, 


Standard Meter R. T. be Power 
Watts. Watts. Factor. 
258 275 4 26.8 108.7 . 388 

487 505 8 28.5 108,8 .738 


592 610 8 £3.6 108 2898 
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SANGAMO METER #76671. 


Data showing the effect of varying the power 
factor when the meter is operated at 110 voits, 60 cy- 


oles, and a load of 8.8 amperes. 


Standard Meter R. T. % Power 
Watts. Watts. Factor, 
354 386 6 28 109 2388 

678 687 10 26.2 102 2738 


819 819 10 RR 100 2898 
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SANGAMO METER 776671, 


Data showing the effect of varying the power 
factor when the meter is operated at 110 volts, 60 cy- 


oles, and a load of 10.7 ammeres, 


Standard Meter R. T. %. Power 
Watts. Watts. Factor. 
457 490 8 29.4 107 2388 
867 868 15 81.1 100.1)" 7B 


1055 1030 15 26.2 97,86 2828 
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SANGAMO METER #76671. 


Data showing the effect of varying the load 
when the meter is operated at 110 volts, 60 cycles, and 
unity power factor. This is the final test under normal 
conditions, and was made after the completion of all 
of the 6£ other tests in order to check up with the 


initial calibration test. 


Standard Meter R. rT. L. 
Watts. Watts. 

1250 1190 15 22.7 95 
1000 971 15 27,8 97.1 
663 661 8 21.8 99.8 
425 429 6 24.6 101 
£15 219.5 3 24.6 102.1 
110 113.1 a $1.8 108 
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DISCUSSION OF RESULTS. 


The curves obtained for the Fort Wayne meter 


show that the meter holds up very well under all con- 
ditions. The initial calibration curve is exception- 
@lly good, the meter registering 100% except on overloads 
and at 130% overload it is only one per cent slow. 
4 

The Sangamo meter does not show up nearly as well 
as the Fort Wayne meter. I could not obtain a good 
calibration curve for this meter, for if I adjusted the 
meter accurately on 100% load, then it would run very 
fast on light loads. If I adjusted it on light loads 
then it would run very slow on. heavy loads. [ compro- 
mised by adjusting it on about a 50% load. Then it ran 
fast on light loads, and slow on heavy loads. qne Fort 
Wayne meter had a tendency to run slightly fast on very 
light loads, but this was not nearly as pronounced as 
in the Sangamo meter. 

On low voltages the Fort Wayne meter had a ten- 

tei: 


dency to run slightly fast, and on high voltages it 


ran sloW, but at all times it came within 2%, 
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Varying the frequency from 45 to 69.5 cycles 
seemed to have little effect on the accuracy of the meter, 

On low power factors the Fort Wayne meter has a 
tendency to run a trifle fast. 

At low voltages the Sangamo meter runs faster 
than under normal conditions, and at high voltages it 
More nearly accurate, 

Varying the frequency seemed to have little effect 
on the accuracy of the Sangamo meter, and in this re- 
spect it is as good as the Fort Wayne meter. 

On low power factors the Sangamo meter runs very 
much faster than when operated under normal conditions. 

In conclusion I would say that the Fort Wayne 
meter is much better than the Sangamo meter for circuits 


where the voltage, power factor, or load is going to vary. 
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